Abstract-We investigated the relation between morning blood pressure (BP) variations, sympathetic activity, and QT intervals in 156 never-treated subjects with essential hypertension and different patterns of morning BP increase. The morning BP peak (MP) was defined as a rise in systolic BP Ն50 mm Hg and/or diastolic BP Ն22 mm Hg during early morning (6:00 to 10:00 AM) compared with mean BP during the night. Clinical characteristics of patients with morning BP peak (MPϩ, nϭ 69, morning systolic BPϭϩ54Ϯ4, diastolic BPϭϩ32Ϯ5 mm Hg) did not differ from patients without BP peak (MPϪ, nϭ 87, morning systolic BPϭϩ24Ϯ5, diastolic BPϭϩ19Ϯ3 mm Hg). The daytime (10:00 AM to 10:00 PM) and the nighttime (10:00 PM to 6:00 AM) BP profile did not differ between the two groups. During daytime and nighttime ECG monitoring, the corrected QT (QTc) interval, and QTc dispersion did not differ significantly between the two groups, whereas during the morning period the QT values were significantly broader in the MPϩ group compared with the MPϪ group (PՅ0.001). Morning LF/HF ratio was significantly higher in MPϩ patients than in MPϪ patients (PՅ0.02). Both systolic and diastolic morning BP, in combination with ratio LF/HF power, were significant predictors of QTc dispersion (adjusted R 2 ϭ0.59, PՅ0.01) and QTc interval (adjusted R 2 ϭ0.41, PՅ0.01), whereas inclusion of physical activity and echocardiographic parameters did not add explanatory information. The prolongation of cardiac repolarization times and morning sympathetic overactivity coexist in hypertensive patients with morning BP peaks, and they might contribute to raised cardiovascular risk in these patients. Key Words: hypertension, essential Ⅲ blood pressure Ⅲ sympathetic nervous system M any studies in the past decade have demonstrated diurnal variation in the onset of acute cardiovascular disorders in hypertensive patients, such as myocardial ischemia, 1 acute myocardial infarction, 2 cardiac arrhythmias, 3 and sudden cardiac death. 4 The results consistently have showed an increased incidence of acute cardiac events in the morning hours (between 6 AM and noon) and a low incidence at night. Blood pressure (BP) falls markedly during the night because of the reduction of sympathetic activity (and the increase in vagal drive) 5 that is brought about by sleep and then increases steeply when in the morning the subject awakes and resumes his or her daily activities. 6 This increase occurs together with a peak incidence of myocardial infarction, sudden death, and cardiac arrhythmias in the morning hours. 7 However, the mechanisms underlying this association are not clear. According to many studies, 8,9 ventricular arrhythmias are more frequent in hypertensive individuals compared with normotensive individuals, and this frequency is particularly high in those with morning BP peak. Furthermore, several other phenomena potentially dangerous for the heart, such as heart rate, fibrinolytic activity, platelet aggregability, and circulating catecholamines, also show peak adverse modifications in the morning that may make the morning BP rise at most a pathophysiological cofactor in the determination of the increased morning rate of cardiovascular morbid and fatal events. The increase in plasma catecholamines 10 and in cardiac afterload 11 might explain the occurrence of arrhythmia in hypertensive patients with morning BP peak. It is widely accepted that catecholamines and cardiac afterload may influence ventricular electrical activity by modifying ventricular repolarization time. 12 A prolonged heart rateadjusted QT (corrected QT interval, QTc) is considered a marker of ventricular instability, 13 is usually associated with an increased sympathetic drive, 14 and is a risk factor for ventricular arrhythmias and sudden death in patients with myocardial infarction as well as in hypertension. 15 In light of such evidence, we investigated the relations between morning BP variations, autonomic nervous system activity, and cardiac repolarization times in never-treated subjects with essential hypertension and with different patterns of morning BP increase.
M
any studies in the past decade have demonstrated diurnal variation in the onset of acute cardiovascular disorders in hypertensive patients, such as myocardial ischemia, 1 acute myocardial infarction, 2 cardiac arrhythmias, 3 and sudden cardiac death. 4 The results consistently have showed an increased incidence of acute cardiac events in the morning hours (between 6 AM and noon) and a low incidence at night. Blood pressure (BP) falls markedly during the night because of the reduction of sympathetic activity (and the increase in vagal drive) 5 that is brought about by sleep and then increases steeply when in the morning the subject awakes and resumes his or her daily activities. 6 This increase occurs together with a peak incidence of myocardial infarction, sudden death, and cardiac arrhythmias in the morning hours. 7 However, the mechanisms underlying this association are not clear. According to many studies, 8, 9 ventricular arrhythmias are more frequent in hypertensive individuals compared with normotensive individuals, and this frequency is particularly high in those with morning BP peak. Furthermore, several other phenomena potentially dangerous for the heart, such as heart rate, fibrinolytic activity, platelet aggregability, and circulating catecholamines, also show peak adverse modifications in the morning that may make the morning BP rise at most a pathophysiological cofactor in the determination of the increased morning rate of cardiovascular morbid and fatal events. The increase in plasma catecholamines 10 and in cardiac afterload 11 might explain the occurrence of arrhythmia in hypertensive patients with morning BP peak. It is widely accepted that catecholamines and cardiac afterload may influence ventricular electrical activity by modifying ventricular repolarization time. 12 A prolonged heart rateadjusted QT (corrected QT interval, QTc) is considered a marker of ventricular instability, 13 is usually associated with an increased sympathetic drive, 14 and is a risk factor for ventricular arrhythmias and sudden death in patients with myocardial infarction as well as in hypertension. 15 In light of such evidence, we investigated the relations between morning BP variations, autonomic nervous system activity, and cardiac repolarization times in never-treated subjects with essential hypertension and with different patterns of morning BP increase.
Methods
We studied 156 subjects with essential hypertension never treated with antihypertensive drugs. All subjects were recruited from the outpatient department of the teaching hospital at the Second University of Naples, Italy. All subjects had a clinic systolic BP Ն140 mm Hg and/or diastolic BP Ն90 mm Hg on at least 3 visits at 1-week intervals and fulfilled all of the following inclusion criteria: no clinical or laboratory evidence of heart failure, coronary heart disease, previous stroke, valvular defects, obesity, or secondary causes of hypertension; high-quality echocardiographic tracings; and at least 1 valid BP measurement per hour over 24 hours during ambulatory BP monitoring (ABPM). To exclude coronary heart disease, exercise testing, thallium scintigraphy, or both were performed when clinically indicated. Subjects engaged in regular physical training were excluded from the study. A physician measured clinic BP with a mercury sphygmomanometer in the hospital clinic before the beginning of ABPM, with the subject sitting for at least 10 minutes. The average of 3 measurements was considered for analysis. The arm with higher BP values at office evaluations was chosen for the ABPM, which was performed with Dyna Pulse 5000A (Pulse Metric, Inc). The cuff size for the ABPM was chosen individually according to the JNV VI guidelines. 16 To reduce errors during the measurements caused by the position of the upper arm during the day, we asked all subjects to ensure that the arm was always parallel to the trunk when the cuff was inflated. Readings were obtained automatically at 15-minute intervals from 6:00 AM to 10:00 PM and 30-minute intervals from 10:00 PM to 06:00 AM by an oscillometric technique. All patients kept a diary in which they documented all the relevant events during the day as well as the time of waking and returning to bed. Daytime and sleep periods were derived from diary entries. Normal daily activities were allowed and encouraged, and subjects were told to keep their nondominant arm still and relaxed at their side during measurements. To abide by the actual wakefulness-sleep rhythm reported in subjects' diaries, we defined daytime as between10:00 AM and 10:00 PM and nighttime as between 1:00 AM and 6:00 AM The morning BP peak was defined as a rise in systolic BP Ն50 mm Hg (90% percentile of normotensive patients) 17 and/or diastolic BP Ն22 mm Hg 18 during the early morning (6:00 to 10:00 AM), arbitrarily defined as the morning period, compared with the mean BP during the night. Subjects without a morning BP peak were defined as the MPϪ group and the others as the MPϩ group. The normal values (meanϮSD) of morning BP peak obtained from 18 normotensive patients 45Ϯ6 years of age were as follows: systolic, 21Ϯ5 mm Hg; diastolic, 12Ϯ4 mm Hg. Subjects with a nocturnal reduction of systolic and/or diastolic BP Ն10% were defined as dippers and the others as nondippers. Nighttime workers, subjects going to bed later than1:00 AM, and patient with sleep disordered breathing were excluded from the present study; therefore, all study subjects were in bed during the entire nighttime period and were awake and active during the morning and daytime interval.
On the same day, all subjects underwent 24-hour ambulatory ECG recording (H-SCRIBE, Mortara Instruments). A 2-channel bipolar recorder was used. The system was fully automatic and computerized; tracings were analyzed by two investigators who were unaware of the results of other investigations. The QT interval was measured from the earliest onset of the QRS complex to the terminal portion of the T wave, where it met the baseline. The R-R interval from the preceding cardiac cycle was measured from the peaks of the R waves to correct the QT interval for heart rate (QTc). QT intervals were corrected with Bazett's formula (QTcϭQT/͌R-R). 19 QTc dispersion was calculated as interlead variability of the QTc interval (QTc dispersionϭQTcmaxϪQTcmin). A cardiologist who was blinded from other information did the QT interval analysis with the aid of calipers and magnifying lens for 7 consecutive beats in lead II. Heart rate variability was analyzed in accordance with international guidelines. 20 Three ECG leads (modified leadsV 1 , V 5 , and aVF) and a time signal to correct for tape speed irregularities were recorded. The 24-hour recordings were divided into 288 segments of 5 minutes. Twelve 5-minute segments were averaged to obtain hourly mean values of the heart rate variability parameters. All ectopic beats were classified, and only segments with Ͻ15%ectopy were used. Each nonnormal R-R interval was substituted by the subsequent R-R interval. Low-frequency (LF) (0.05 to 0.15 Hz, mediated by interaction of sympathetic and vagal activity) and high-frequency (HF) (0.15 to 0.50 Hz, representing pure vagal activity) components were determined and expressed as normalized units during morning, day, and nighttime periods.
The M-mode echocardiographic study of the left ventricle was performed under 2-dimensional control. Measurements were taken according to the American Society of Echocardiography recommendations. 21 Only frames with optimal visualization of interfaces and showing simultaneously septum, left ventricular internal diameter, and posterior wall were used for reading. Two observers read tracings, and the mean value from at least 5 measurements per observer were computed. Left ventricular mass was calculated according to Troy et al 22 and normalized both by body surface area and by height 23 to correct for the effect of overweight. A venous blood sample was obtained from all subjects for measurement of routine blood chemical analyses and plasma and urinary catecholamines (epinephrine and norepinephrine), and separate urine samples were obtained during the morning time (6:00 to 10:00 AM), daytime (10:00 AM to 10:00 PM), and nighttime (10:00 PM to 6:00 AM). Blood samples were immediately centrifuged at 3000 rpm for 15 minutes; urine samples and plasma were decanted and stored at Ϫ80°C until analysis. Catecholamines were measured with high-pressure liquid chromatography.
All subjects underwent standard 12-lead ECG to evaluate the QTc interval and QTc dispersion values, obtained as previously described.
Statistical Analysis
Data are presented as group meanϮSD. A preliminary ANOVA was used to assess the significance within and between groups. Twosample t tests were used for between-group comparisons. Linear regression and correlation were used to evaluate relations between variables. Multivariate regression analysis tested the independent association and contribution of changes in 24-hour ABPM, catecholamine levels, and LH/HF ratio with the dependent variables (QTc-d, QTc). A value of PϽ0.05 was considered significant. All calculations were made on an IBM PC computer (SPSS, Inc, version 9.0).
Results
The demographic and clinical characteristics of the two study groups are shown in Table 1 . Gender, smoking habits, body mass index, routine blood chemical analyses, and clinic BP did not differ between groups. Similarly, the QTc intervals and QTc dispersion, evaluated by standard 12-lead ECG, did not differ between the two study groups ( Table 1 ). The MPϩ patients had longer left ventricular internal diastolic diameter, thicker interventricular septum and left ventricular posterior wall, but lower ratios of interventricular septum to left ventricular posterior wall compared with the MPϪ patients. Fractional shortening did not differ between the groups ( Table 1 ). The sleep duration was similar in both groups (MPϩ, 8.1Ϯ1.2 hours; MPϪ, 8.2Ϯ1.3 hours). Physical and mental activities, described in diaries (location, posture, activity, interactions, and mood) were not different between the groups (data not shown), and patients had not developed so remarkable activities as to influence the changes of BP. During AMBP, we detected that BP rose steeply after waking up in both groups (Figure 1 ). In MPϩ, both systolic and diastolic BP increased to their peak levels in awakening (systolic: from 133Ϯ11 to 186Ϯ16 mm Hg, PϽ0.001; diastolic: from 87Ϯ9 to 119Ϯ10 mm Hg, PϽ0.001) and slowly decreased during the subsequent hours (Figure 1 ). However, high values of BP persisted during the whole morning period and reached steady-state levels around 150/94 mm Hg at 11 AM (Figure 2) . In MPϪ patients, both systolic and diastolic BP increased to their peak levels in awakening (systolic: from 131Ϯ10 to 155Ϯ14 mm Hg, PϽ0.001; diastolic: from 85Ϯ7 to 102Ϯ10 mm Hg, PϽ0.001) and quickly decreased during the subsequent hours, reaching steady-state levels around 145/90 mm Hg at 9 AM (Figure 2) . Moreover, the MPϩ group had a significant increase in both systolic and diastolic BP compared with the MPϪ group (PϽ0.01) during the whole morning period, whereas the daytime and the nighttime profile did not significantly differ between the two groups ( Figure 1 , Table 2 ); there were 16 nondippers in the MPϩ group (18%) and 13in the MPϪ group (19%, PϭNS).
Morning BP increases were significantly positively correlated with left ventricular posterior wall thickness (rϭ0.15, Pϭ0.05 and rϭ0. 16, Pϭ0 .02, respectively) and left ventricular internal diastolic diameter (rϭ0.19, Pϭ0.01 and rϭ0.15, Pϭ0.05, respectively). During daytime and nighttime ECG monitoring the QTc interval, QTc dispersion, QRS duration, and the average R-R interval did not differ significantly between the two study groups, whereas during morning time period the QT values were significantly broader and R-R intervals significantly shortened in the MPϩ patients compared with MPϪ patients (Table 2) . In MPϩ patients, the parameters of QT interval showed a biphasic profile: the QTc interval and QTc dispersion moderately increased to their peak levels in the morning hours (between 6 to 9 AM) (QTc: from 414Ϯ22 to 481Ϯ27 ms, PϽ0.001; QTc dispersion: from 54Ϯ10 to 75Ϯ14 ms, PϽ0.001) and constantly decreased during the subsequent hours, finally reaching steadystate levels around 418 ms and 54 ms, respectively, at 1 PM (Figure 2) . In MPϪ patients, the biphasic profile of the QTc interval and QTc dispersion was not observed, and the hourly values were significantly lower during the morning period compared with the MPϩ patients (Figure 2 16, Pϭ0 .04, respectively). To rule out a possible confounding effect of the heart rate correction, we also analyzed the data by using QT dispersion and QT without correction for heart rate; the results and associations were similar (QT dispersion versus morning diastolic BP: rϭ0. 21 PϽ0.03; QT versus morning diastolic BP: rϭ0.16, PϽ0.04). Table 2 shows the power spectral analysis of heart rate variability in each group of hypertensive patients. There were no significant differences among the groups for LF, HF, and LF/HF ratio during day and nighttime period. The morning LF/HF ratio was significantly higher in the MPϩ groups than in the MPϪ groups. Moreover, a relative decrease in the HF component (with a significant increase in ratio LF/HF power) was observed in the MPϩ group during the morning period (PϽ0.01); QTc dispersion and the QTc interval were positively correlated with morning LF/HF ratio (QTc-d, rϭ0.41, PϽ0.01; QTc, rϭ0. 36 
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, PϽ0.01).
Basal plasma catecholamine concentrations were similar in the two groups (Table 1) . Urine flow did not differ between the morning, diurnal, and nocturnal collection between the two groups (MPϪ: morning, 0.9Ϯ0.1; day, 0.9Ϯ0.2; night, 1.0Ϯ0.1 mL/min, MPϩ: morning, 1.0Ϯ0.2; day, 0.9Ϯ0.1; night, 1.0Ϯ0.2 mL/min). In the MPϪ patients, both urinary output of epinephrine (5.7Ϯ1.1 g) and norepinephrine (28.8Ϯ2.9 g) were significantly lower (Ϫ29% for both, PϽ0.02) during the morning period compared with MPϩ patients (epinephrine, 7.9Ϯ1.2 g; norepinephrine, 41.5Ϯ4.3 g). In the MPϪ group, diurnal and nocturnal catecholamine output (epinephrine,5.8Ϯ1.9 g; norepinephrine, 34.1Ϯ7.4 g) was not different from that of the MPϩ group (epinephrine, 5.6Ϯ1.8 g; norepinephrine, 36.8Ϯ2.4 g; PϭNS for both).
In a multiple regression analysis, both systolic and diastolic morning BP were significant predictors of QTc dispersion ( 
Discussion
To the best of our knowledge, this is the first study to investigate the relation between morning BP, nervous autonomic function, and cardiac repolarization times in nevertreated hypertensive patients with different patterns of morning BP increase. The main findings of our study describe an association between QT intervals, morning BP, and sympa- thetic activity in never-treated hypertensive patients: Notably, morning increases of QTc dispersion and the QTc interval are associated with a morning BP peak and morning sympathetic overactivity. This association is present independent of potential confounding factors (age, smoking, metabolic parameters, and physical activity). Moreover, obese and patients with sleep disorder breathing were excluded from the study to avoid any confounding influence of these conditions on the morning BP.
Some available studies report that the QT times are increased in association with an increased left ventricular mass index in hypertensive individuals. 24, 25 Our data confirm the association of delayed cardiac repolarization and left ventricular hypertrophy since MPϩ patients had significantly longer QTc dispersion and QTc interval (only in the morning hours), longer left ventricular internal diastolic diameter, and thicker interventricular septum and left ventricular posterior wall compared with MPϪ patients. We also found a significant linear association between left ventricular posterior wall thickness and left ventricular internal diastolic diameter and morning BP increases. These findings support those by Gosse et al, 26 who found that the systolic BP on arising was significantly better correlated than office BP with left ventricular mass index and wall thickness. Moreover, Kuwajima et al 27 also reported a significant association between the changes in systolic BP after arising from bed and left ventricular mass index. As for the background for this association, the present study provides the first evidence of an association between left ventricular hypertrophy, morning BP peak, morning increases of LF/HF ratio (considered as a marker of sympathetic overactivity), and morning prolongation of cardiac repolarization times in never-treated subjects with essential hypertension. Although the probable cause of delayed cardiac repolarization times in hypertensive patients with morning BP peak may be left ventricular hypertrophy, Perkiomaki et al 28 showed that left ventricular hypertrophy was correlated only with QT apex dispersion times but not with the dispersion of the whole QRS complex duration or the QTc interval, demonstrating that left ventricular hypertrophy results in a more marked inhomogeneity of the plateau phase of repolarization than in the downslope phase of repolarization or in the depolarization phase. Moreover, we observed in a multiple regression analysis that both systolic and diastolic morning BP in combination with ratio LF/HF power were significant predictors of QTc dispersion and the QTc interval, whereas inclusion of echocardiographic parameters did not add explanatory information. Thus, left ventricular hypertrophy could be a cofactor in the association between morning BP peak and prolongation of QT times.
The length of the QT interval, which is easily obtained from standard resting ECG, represents the time interval between the start of activation of the ventricle and completion of its repolarization. QT interval is influenced by the autonomic tone and represents an index of myocardial refractoriness and electrical stability; this is a critical determinant of ventricular fibrillation and sudden death. 29 Dispersion of repolarization is a consequence of predominance of sympathetic nerve activity and might be responsible for a high risk of ventricular fibrillation. 30 Sympathetic stimulation unopposed by vagal activity might induce ventricular electrical instability, resulting in a risk of arrhythmia and sudden death. 31 An association between a prolonged QT interval and sudden cardiac death has been found in coronary artery disease, congestive heart failure, and in obese and hypertensive patients. 32 Although a direct link between morning BP peak and sudden cardiac death has not yet been established, it might be hypothesized that the surge in BP may be a factor predisposing to ventricular arrhythmias by a QT lengthening. Consistent with this, sudden cardiac death in hypertensive patients presents a circadian variation with a peak at 6 to 9 AM, 33 the same time when a physiological increase in BP occurs. 34 There are several theoretical possibilities through which a morning-raised BP may influence cardiac repolarization time. First, an increase in afterload predisposes to electrophysiological changes and QTc lengthening. 12 In experimental models, an increase in cardiac afterload has been shown to alter action potential durations through mechanoelectrical feedback. 35 This may result in an altered dispersion of action potential repolarization in the ventricle. Direct effects of increased load on repolarization are probably caused by activation of stretch-activated, nonselective cation ion channels and changes in calcium handling. 36 Second, the link between morning BP peak and increase of QTc dispersion may be represented by local myocardial ischemia inducing an electrical instability that might induce arrhythmias. In fact, local myocardial ischemia may determine marked electrophysiological heterogeneity between epicardium and endocardium. 37 Last, the left ventricular hypertrophy, evidenced in patients with morning BP peak, might affect QTc and QTc dispersion: Myocardial hypertrophy may alter the ion channels that are operative during the early repolarization phase. 38 Abnormalities in the potassium channels in hypertrophied myocytes have been shown to contribute to the prolongation of action potential duration. 39 Moreover, it is tempting to speculate that a sudden rise in BP causes an acute hemodynamic burden, which might predispose the hypertrophied ventricular myocardium to initiate an arrhythmic event in response to trigger factors, such as sympathetic overactivity. 40 In addition to BP, there are also morning variations of heart rate variability. Our study showed a significant relation between QTc dispersion, the QTc interval, morning BP peak, and altered sympathovagal balance, suggesting that sympathetic overactivity may be a common mechanism unifying all these alterations observed in hypertensive patients with morning BP peak. Morning increase in LF/HF ratio, considered as a marker of sympathetic overactivity and morning increase of urinary catecholamine levels observed in MPϩ patients, might be responsible for both the morning rise in BP and cardiac time prolongation in hypertensive patients. Moreover, the variation of BP was positively correlated with that of LF/HF ratio during the morning period, whereas this association was not obtained during the day and nighttime period. Thus, BP variation might be related to variation of sympathetic nervous system activity in the morning period only. The variations observed during day and nighttime periods also support this line of reasoning. In fact, reductions in LF/HF ratio were associated with significant and parallel
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Morning Blood Pressure and Cardiac Repolarizationchanges in QTc dispersion, the QTc interval, and morning BP. Moreover, QT intervals, morning BP, and LF/HF ratio showed a trend to normalize during day and nighttime periods, suggesting that the abnormalities found during morning period are functional in origin and not due to structural damage within the baroreflex pathway. In keeping with this conclusion, therapeutic approaches with ␤-blockers 41 decreased morning BP peak and improved baroreflex sensitivity in hypertensive patients. Finally, the multivariate analysis of our data showed that changes in morning BP and LF/HF ratio were associated with change in QTc-d and the QTc interval. Thus, the shortening of QTc dispersion and the QTc interval during day and nighttime periods was strictly associated with a decrease in morning BP and LF/HF ratio.
In conclusion, the prolongation of cardiac repolarization times and morning sympathetic overactivity coexist in hypertensive patients with morning BP peak and might contribute to their raised cardiovascular risk. A likely mechanism for this association is through sympathetic overactivity, which correlates with both morning BP and cardiac repolarization times. It will be important to address in future studies evaluating whether morning BP peak, combined with increased QT times and impaired heart rate variability, may specifically identify hypertensive patients with left ventricular hypertrophy who are at high risk for life-threatening arrhythmias and sudden death.
Perspectives
The prolongation of cardiac repolarization times and morning sympathetic overactivity coexist in hypertensive patients with morning blood pressure peak and might contribute to their raised cardiovascular risk. A likely mechanism for this association is through sympathetic overactivity, which correlates with both morning blood pressure and cardiac repolarization times. Thus, this study may explain the reason why in the early hours of the morning there have been observed the higher number of fatal and nonfatal cardiovascular events. Similarly, this study also gives important information to guide in the choice of right treatment in hypertensive patients with morning blood pressure peak.
However, it will be important address in future studies evaluating whether morning blood pressure peak, combined with increased QT times and impaired heart rate variability, may specifically identify hypertensive patients with left ventricular hypertrophy who are at high risk for lifethreatening arrhythmias and sudden death.
